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By Bruce E. Tinling and W. Richard Kolk
SUMMARY

A comparison of the 1lift, drag, and pitching—moment characteristics
of several wings having 35° of sweepback and various amounts of camber
has been mede from the results of wind—tunnel tests. Six semispan model
wings were tested:; three having an aspsct ratio of 10, and three having
an aspect ratlio of 5. The streamwise sections for the three wings of
each aspect ratio were the NACA 6514012, the NACA 6lgA312, and the
NACA 643A612. The Reynolds number was varied from 2,000,000 to
10,000,000 at a Mach number of 0.25, snd the Mach nurber was varied from
0.25 to 0.92 at a Reynolds number of 2,000,000.

The effects of Reynolds number on the low—speed serodynemic charac—
teristics were large and were believed to be essociated with a reduction
of 1ift on the ouber portions of the wing as the Reynolds nunmber was
reduced. At low 1ift coefficients, the effects of increasing the Mach
number, up to the Mach number for dreg divergence, were to increase the
lift—curve slopes of all six wings and to increase the static longitudi—
nal stability of the wings heving an aspect ratlo of 10. The static
longitudinal stebility of the wings having an aspect ratio of 5 remained
nearly constent within the same range of Mach nunbers. As the Mach num—
ber for drag divergence was exceeded, the lift—curve slope deocreased and
a large reduction in static longitudinsl staebility occurred.

The effects of camber on the maximum lift coefficient, the angle of
attack for zero 1ift, and the pitching-moment coefficient for zero 1ift
were as would be anticipated from the section aerodynamic characteris—
tics. Low—speed results at a Reynolds number of 10,000,000 indicsated -
that camber increased the lift—drag ratlio of the wings having an
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aspect ratlo of 10, but no similar Increase was noted for the wings
heving an espect ratio of 5.

At high subsonlc speeds and a Reynolds nunber of 2,000,000, camber,
in general, reduced the Mach number for drag divergence. At Mach numbers
less than thet for drag divergence, canber caeused considersble improve-—
ment in the lift—drag ratio and the pitching—moment characteristics. On
the basis of the effects of Reynolds number indicated by the low-speed
data, there i1s doubt that these improvements due to camber would be
entirely realized at Reynolds numbers greater than 2,000,000.

IRTRODUCTION

The effectiveness of wing sweep in delaying the detrimental effects
of compressibility to higher Mach numbers is-well known. One of the
principal difficulties encountered in the use of swept—back wings of
high aspect ratic is the low 1ift coefficient at which large changes of
static longitudinel stebility occur. Since this effect is attributed to
stalling of the outer portions of the wing, it follows that increase in
the 1ift coefficient at which large changes of static longltudinal ste-—
bility occur might be realized by increasing the maximm 1ift coefficient
of the wing sections. The use of canmber 1s a familisr means of increas—
ing the maximum 1ift coefficlent as well as the lift—drag ratio of
unswept wings. Research on the effecte of camber and twist on the aero—
dynamic charascteristics of swept—back wings has been reported in ref—
erences 1 and 2. The present investigation was initiated to evaluate
the effects of camber alone and also the effects of dypnamic scale and
compressibility on the aerodynamic characteristics of several wings
having 35° of sweepback.

Six semispan model winge were tested: Three representing wings hav—
ing an aspect ratio of 10, and three representing wings having an aspect
ratio of 5. The streamwise sections of the three wings of each aspect
ratio were the NACA 65 A012, the NACA 64 A312, and the NACA 64lA612. )

According to simple sweep theory, the aerodynamic characteristics of
sections perpendiculaxr to the querter—chord line determine the asrody—
namic characteristics of a swept—-back wing. The sections perpendicular
to the quarter—chord line of the wings investigated were approximately
1% percent thick and had design 1ift coefficients of sbout 0, 0.37, and
0.73. Results of tests of alrfoil sections reported in reference 3 have
indicated that the addition of camber increases the maximmm 1ift coef—
ficient for airfoil sections heving thilckness—chord ratios of less than
12 percent, but that the effectiveness of camber in increasing the maxi-
mm 1ift coefficient diminishes as the thickness is increased beyond 12
or 15 percent. For the 1lli—percent—thick wings tested in the present
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investigation, the increase 1n the maximm 1ift coefficient resulbting
from canber and hence the increase in the 1ift coefficisnt at which
longitudinal instability occurs should be significant but may not be
expected to be as great as that which would be anticipated for thinner

Wings.
The testes were conducted over a range of Mach pumbers from 0.25 to

0.92 at a Reynolds munber of 2,000,000 and over a range of Reynolds num—
bers from 2,000,000 to 10,000,000 at a Mach number of 0.25.

ROTATTON

drag coefficient ( %g_ )

minimum profile—drag coefficlent assuming elliptical span load

1
11Pt coefficient < %;1 )

pitching—moment coefficient about axls passing through the quar—

ter point of the mean aerodynamic chord (Piﬁch;gg_c_moment )

pitching—moment coefficient at zero 1lift

roio ()
aspect retio =

Mach number (g—)

: pve
Reynolds number T

semispan wing area, square feet
airspeed, feet per second

. 1ift
1 ti ———
ift—drag ratio Trog )
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8 speed of sound, feet per second

b span of complete wing messured perpendlcular to the plane of
symetry, feet '

c chord, meesured parallel to the plane of symmetry, feet

b/2
f c2 dy

mean serodynamic chord | —See———= |, feet

b /=
_[ c 8y

ol

a dynamic pressure, pounds per squere foot

Yy . lateral distance from plane of symmetry, feet

o angle of attack, degrees

%o engle of attack for zero lift, degrees

o] density of ailr, slugs per cublc foot

M ebsolute viscosity, slugs per foot second
MODEIS

The six semispan models tested in this Investigation were furnished
by the Lockheed Ailrcraft Corporation. Three of the models represented
wings having an aspect rstio of 10 and a taper ratio of 0.5; and the
other three represented wings having an aspect ratioc of 5 and a taper
ratio of spproximately 0.7. Each model had 35° of sweepback of the
quarter—chord line. The dimensions of the models are shown in figure 1.

The thickness distribution of the sections of each model was the
same from root to tip and there was no twist. The wing sectioms in
planes parellel to the plane of symmetry were the NACA 657A012, the
NACA 649A312, and the NACA 641A612. The wings with these sections will
be referred to in this report as the uncambered, moderately cambered, and
highly cambered wings, respectively. The mesn line of the canmbered alr—
foil sections was the NACA a=0.8 (modified)}. (See reference 4.) Accord
ing to simple sweep theory, the serodynamic characteristics of the wing
sectlions perpendicular to the guerter-—chord line determine the aerody—
namic characteristics of a swepit—back wing. The sections perpendicular
to the quarter—chord line of the model wings were sbout 14 percent thick
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and had design 1iPt coefficients .of about 0, 0.37, and 0.73 for the
uncambered, moderately cambered, and highly cambered wings, respectively.
The coordinastes of the streamwise sec'bions are tabulated in table I.

The tip of each wing was formed by a half hody ha.ving a radius equal
to the corresponding half thickmess of the wing section.

The models were constructed of steel. . The ouber ;porbioms of the
model wings having an aspect ratio of 10 were removed and replaced with
tip fairings to form the wings having an aspect ratio of 5.

The horizontal turntable upon which the models were mounted in +the
wind tunnsl is directlv comnected to the balance system. The models
wore mounted with the root chord in the plane of the turntable as shown
in aiigure 2. The Jjuncture between the models and the turntable was
sealed. :

TESTS

Two series of tests were conducted: ome to evaluate the effects of
Reynolds nunber at & low Mach number, and one to evaluste the effects of
compressibility at a constant Reynolds number, The tests to evaluate
the effects of Reynolds nunber were conducted st Reynolds numbers from
2,000,000 to 10,000,000 at a Mach mmber of 0.25. The tests to evaluste
the effects of compressibility were conducted at Mach numbers from 0.25
to 0.92 st a Reynolds nunber of 2,000,000, Iift, drag, and pitching
moment were messured over a range of angle of attack sufficient to
obtain 1ift coefficilents from less than zero to that for the stall,
except where the range was limtted by wind—bunnel power or by the cepac—
1ty of the fdrce balence.

The dynamic pressure of the tests varied from spproximately 90 to
360 pounds per square Ffcot between the Mach numbers of 0.25 and 0.92 at
& Reynolds number of 2,000,000, and from approximastely 90 to 500 pounds
per square foot between the Reynolds numbers of 2,000,000 and 10,000,000
at a Mach number of 0.25. Because of thils veriation of dynamic pressure,
a test was conducted to esvaluate the effects of dlstortion of the model
wings under load. This wes accomplished by obtaining data at a Reynolds
number of 6,000,000 et dynamic pressures of 160 and 310 pounds per square
foot which correspond, under the test conditions, to Mach numbers of 0.1k
and 0.25, respsctively.
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CORRECTIONS TO DATA

The date have been corrected for the effects of tunnel-wall inter—
ference, including comstriction due to the tunnel wells, and approxi-—
uetely for model-support tare forces.

Corrections to the date for the effects of tunnel—wall interference
originating from 1lift on the model have been evsluated by the method of
reference 5 using the theoretical span loeding for lncompressible flow
calcuiated by the method of reference 6. The corrections added to the
drag and to the angle of attack were:

For model wings having an aspect ratio of 10:

Loy = 0,295 G
ACpy= 0.00472 Cr2

For model wings having an aspect ratio of 5:

0.263 Cy,

0.00417 Cp2

Fa's)
Ja's, )

Constriction effects dus to the presence of the tumnsel walls were
computed by the method of reference 7. These corrections have not been
modified to allow for the effect of sweep. The magnitude of the correc—

tions to the Mach number amd to the dynamic pressure is shown in the
following table:

Uncorrected | I corrected
Corrected | Mach Number Q@ uncorrected

A=10| A=5 A=10| &=5

TOO 0.699|0.700 |1.002 |1.001
750 .Thol 749 | 1.002 |1.001
800 .798] .799 11,003 |1.002
.825 .8231 .824% 1.003 1,002
850
875

848 .84 |1.003 |1.002

. 872l .873 |1.004 |1.003
.900 .895! .897 |1.005 |1.004
.920 9131 .915 {1.007 |1.005
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A correction to the drag date was mgde to allow for forces on the
exposged surface of the turmtsble. This correction was determined from
tests with the model removed from the turnteble. The following correc—
tions were subtracted from the measured drag coefficients:

Rx 10| M SDrare
A=10 A=5
10 0.25 | 0.004k | 0.0066
6 .25 L0045 | .0067
4 .25 0046 | .0069
2 .25 0050 | .0076
2 4o .0053 .0080
2 .60 00561 .0085
2 .70 0058 | .0089
2 B ] 0060| .0091
2 .80 0062 | .0094
2 825 | .0063} .009¢
2 .85 0064 | .0097
2 875 .0066| .0100
2 .90 0067 | .0102
2 .92 00681 .0103

No attempt was made to evaluate teres due to interference bebween
the model and the turntable or to compensate for the tumnel—floor bound~

ary layer vwhich, at the turnteble, had a displacement thickness of one—
hal® inch. ' .

RESULTS AND DISCUSSION

Model Distortion Under Aerodynamic IL.osds

The results of the tests to determine the effect of chenges of the
dynamic pressure on the serodynsmic characteristics due to bending and
twisting of the uncembered model wing having an aspect ratio of 10 are
presented in figure 3. - Any sizable difference in the emount of bending
and twisting of the model wing occurring between dynsmic pressures of
160 and 310 pounds per square foot would cause a difference in the
slopes of the 1ift and of the pitching—moment curves. Since the slopes
of the curves presented in figure 3 are very nearly the same for both
dynamic pressures, except near the maximm 1ift coefficilent, 1t may be
concluded that the effects of model distortion were negligible., The
increese of maximm 1ift coefficient at s Mach number of 0.1k (q,160)
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over that at a Mach number of 0.25 (¢,310) 1s consistent with the effects
of Mach number on the maximmm 1lift coefficient reported in reference 8.

Effects of Reynolds Number

The results of tests conducted to evaluate the effects of Reynolds
number at a Mach number of 0.25 are presented in figure 4., These results
show that the serodynsmic chesracteristics in the upper lift-coefficient
range were sensitive to changes in the Reynolds number. Im this upper
lift—coefficient range a large reduction of static longitudinal stebility
occurred. This reduction, which mey be correlsted with a decrease in
lift—curve slope, is believed to have been caused by a decrease of the
lift—curve slopes of the outer sections of the wings. Increasing the
Reynolds number mitigated this reduction in static longitudinal stability
and increased the lifb—curve slopes of the wings at the higher 1ift coef-—
ficients. Increasing the Reynolds mumber alsc csused a large increase in
the meximm 1ift coefficient for all six wings.

An incresse in the Reynolds number resulted in a slightly less negse—
tive angle of attack for zero 1ift for the cambered wings. In general,
the effects of Reynolds number on the pltching—moment coefficient near
the design 1iPt coefficient of each wing (approximately equal to the
streamwise sectiom design 1ift coefficient multiplied by the cosine of"
35°) were smsll. The change in the pltching—moment coefficient for zero
1ift with increassing Reynolds number for the uncambered wing which had
en aspect ratio of 10 (fig. 4(a)) is not clearly understood. This change,
however, in the pitching-moment coefficient for zero 1lift is believed to
have been caused by a difference between the effects of Reynolds number
on the chordwlse extenmt of the laminar boundary leyer on the upper and
lower surfaces of the wing.

Lift—-drag ratlos computed from the data of figure 4 are presented in
figure 5. An increase of the Reynolds number from 2,000,000 to 10,000,000
increaesed the lift—drag ratio at high 1ift coefficlents for all six wings
and decreased the maxirmm 1ift—dreg ratic of all but the aspect—ratio-10

highly cambered wing.

A discontinulty occurred In the 1ift, drag, snd pitching-moment
data for the uncambered wings st a 1lift coefficlent of approximately 0.2
at a Reynolds number of 2,000,000. (See Pfigs. 4(a) and 4(d).) This dis—
continulty is assoclated with terminetion of the low-drag range of the
airfoll sections rather than any three—~dimensional effect. The varias—
tions of profile—drag coefficlent (assuming elliptical span load distri-—
bution) and the pitching—moment coefficient are presented as functions
of 1ift coefficient in figure 6. From these data it may be seen thet
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the discontinuity in the pitching-moment dats occurred at the same 1ift
coefficient as the increase in dreg corresponding to the termination of
the low—drag range. Increasing the Reyrolds number from 2,000,000 to
10,000,000 reduced the positive 1lift coefficient at which the lowudrag
range was terminsted from approximately 0.2 to 0.1l.

Effects of Mach Nunber

The deta obtained from tests at a Reynolds number of 2,000,000 for
a8 range of Mach numbers from 0.25 to 0.92 are presented in figures T
through 12. The 1ift coefficient at which an sbrupt decrease in static
longitudinal stability occurred, which can be correlated with a decrease
in the lift—curve slope, increased with increesing Mach number up to the
Mach number where there occurred nearly simultanecusly a decrease of
lift—curve slope, & decrease of staebility, ard a drag rise. This Mach
number will be referred t0 iIn this report es the force—dlvergence Mach
nuniber.

The data in figure 13 show the effect of Mach number on the

pliching—moment—curve slope OCp/3Cy,, the 1lift—curve slope OCr/oa,
and the drag coefficients for the six wings at 1lift coefficients near
their respective deslign velues. These data show that the lift—curve
slope of each wing increased with Mach mmber up to the force—divergence
Mach nunber. For this same Mach number range, the wings which had an
aspect ratio of 5 wers spproximately nsutrally stable sbout the guarter
point of the mean assrodynamic chord. The slopes of the pltching—moment
curves OCp/dC;, of the wings which had an aspect ratio of 10 were apprax—

imately —-0.06 at a Mach number of 0.25 and, in general, became more neg—
gtlve, indicating Increasing static longitudinal stsbility, as the Mach
number for force—dlvergence was approached. For the wings of both aspsct
ratios, seriocus static lomgitudinal Instabillity resulted when the Mach
number for force divergence was exceeded.

Effects of Camber

Discussion of the effects of camber is complicated by the differ—
ences in the thickness distributions between the cambered and the uncam—
bered wings, the streamwise thickness distribution of the cambered wings
being the NACA 6474012 and that of the uncambered wings being the
NACA 657A012. An estimate of the probable difference in the maximm
1ift coefficient between swept—back wings having NACA 6474012 and
NACA 651A012 sections has been made through the use of simple sweep
theory. According to simple sweep theory, the differences in the maxi-—
mm 1lift coefficlents” of the sections perpendicular to the quarter—chord
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line must be found 1n order to evaluate the difference in the maximmm
1ift coefficlents of wings having different streemwise sections. The
thickness of the alrfoll sectlons perpendicular to the gquarter-chord

line of the subject wings was approximately 14 percent of the chord.

Data presented 1ln reference 3 show that at a Reynolds nmumber of 6,000,000
(equivalent Reynolds number of sbout 9,000,000 based on the awept wing of
this investigation}, the section maximum lift coefficlent of the uncam—
bered lh—percent thick 6h—series airfoil section 1s approximately b4 per—
cent greater than that for the uncambered li—percent—thick 65-series air—
foil sectlon. This same percentage increase in the meximum 11ft coeffi-—
clent may also be expected to exist between the NACA 65A~ and 6GhA-series
sections according to results presented in reference 4. The effect of
variations in the section—thickness dlstributions on the data obtalned
at high Mach numbers 1s believed to be small in view of the results of
the investigation reported in reference 9 which indicate that the 1ift—
and drag-divergence Mach numbers Por the 12-percent—thick 65-series and
6h—geries airfoll sections are nearly the same over a wide range of 1ift
coefficients.

It must he noted that the results of tests of alrfoll sectiomns
reported 1n reference 3 have indicated that the addition of camber
increases the maximom 1i1ft coefficlient for ailrfoil sectlons having
thickness—chord ratios of less than 12 percent, but that the effective—
ness of camber in increasing the meximum 1ift coefficlent diminishes as
the thickness raftio is increased beycnd 12 or 15 percent. Since the
sections perpendiculer to the quesrter—chord line of the wings tested in
this investigation were about 14 percent thick +the increase due to cam—
ber in the maximm 1ift coefficient and hence the 1ift coefficient at
which a change in static longitudinal stabllity occurs would not be
expected to be as great as that for thinner wings.

The 1lift, drag, end pitching-moment cheracteristics of the wings

" with various amounts of camber are presented in figure 1k for a Mach
number of 0.25 and a Reynolds number of 10,000,000. The values of perti-
nent serodynamic parameters taken Prom the data of figure 1k are pre—
sented in the following tables:
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ASPECT RATIO 10
A rfoil section
Parameter NACA NACA
Design Cp 0 0.25 0.50
(001/%) geg1gn op | 075 -075 -075
iC; 97 1.2 1.32
%o 0 2,20 4, 4°
(0Cy/3CL)ges1gn ¢,| —-O0m L) —.100
Cn, —-.006 —.048 —-.090
.0052 .0060 006k
CD°min
(T/D) pex 32.5 3k.0 35.0
Cr, for (L/D)pax .38 RTe) b
At R, 6,000,000 (fig. 4.)
ASPECT RATIO 5.
Alrfoil section
Parameter RACA NACA
6514012 NACA 6h,A312 6h1a610
Design C1, 0 0.25 0.50
(3Cy, /) design Cp .063 .06k .06k
Cr 1.00 1.32 1.hk
%o 0 —2.2 -4 .y
(acm/acL)désign o | -0 .006 —.016
Cm,, .002 —.0L6 —-.091
Cp .0053 0066 .0073
min :
(L/'D)m 22.5 220.5 21.5
Cy, for (L/D)pey .29 .29 .32

The principal effsects of increa.sing camber, as would be anticipated
from airfoil—-section amerodynamic cheracteristics, were an incresse in the
meximum 1ift coefficient, a decrease in the angle of attack for zero lift,

and an increase in the negative value of the pltching—moment coefficient
at zero lift.
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Camber improved the meximum 1ift—drag ratio of the wings which had
an aspect ratio of 10, the maximum lift—drag ratic of the highly cam—
bered wing being roughly 10 percent greateér than that for the uncambered
wing. (See fig. 15.) However, no improvement was observed in the maxi—
mum lift—dreg ratio of the wings having an aspect ratio of 5. .The lift—
drag ratioc at high values of 1lift coefficient for the wings of both
aspect ratios was improved by camber because of the higher maximum 1ift
coefficient of the cambered wings.

Comparison of the piltching-moment data of Ffigure 14 for the wings
having an aspect ratio of 10 Indicates that a moderate amount of camber
lesgened the changes in static longitudinal stability at 1lift coeffl—
clents greater than 0.6. This was the only instance for which the
static longitudinal gtabllity was improved in the upper—lift—coefficient
range by camber at a Mach'number of 0,25 and a Reynolds nmumber of
10,000,000. The instabillity of the uncambered wings in the upper—lift—
coefficient range was not accompanied by a large drag rise and is
therefore belleved to have been due to trailing—edge separation.
Furthermore, measurements of surface static pressures on the uncambered
wing of aspect ratio 5 at a Reynolds number of 10,000,000 and a Mach
number of 0.25 showed that initilsl flow separation on thls wing was in
the region of the tralling edge. From consideration of two—dimensional
sectlon characteristics, camber could be expected only to aggravate the
trailing—edge separstion. Thie possibly accounte for the lack of any
consistent significant improvement due to camber in static longitudinal
stability in the upper—lift—coefficient range.

Comparison of the data for the three wings of each aspect ratilo
obtained at a Reynolds number of 2,000,000 indicates that, at this low
Reynolds number, camber caused marked improvement in the aerodynamic
characteristics at high 1ift coefficlents. Such a comparison may be
made from data presented in Ffigure 16 which were obtained at a Mach
number of 0.25., Inspectlion of these data reveals that, in addlition to
improving the maximum 1ift coefficient, camber caused Ilncreases in the
1ift coefficlent at which static longitudinsl lnstability occurred and
reduced the drag coefficilent at large values of 1ift coefficient.

Comparison of the data of figures T through 12, which are for Mach
numbers from 0.25 to 0.92 and a Reynolds number of 2,000,000, indicates
that the improvements due to camber in the maximum 1ift coefficlent and
in the 1lift coefficient at which static longitudinal instability
occurred were maintained at Mach numbers up to the force—dlvergence Mach
number. In addition, the 1lift data show that the angle of attack fOr
zero 1ift of the cambered wings became lessg negative as the Mach number
was increased beyond 0.80.

The pitching-moment coefficlents for given values of 11ft coef—
ficient are presented’'as functioms of Mach number in figure 17, These

o=t
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data show that the pitching—moment coefflicients of the cambered wings
became more negative with increasing Mach number up to the Fforce—
divergence Mach mumber where an abrupt positive increase in the pltching—
moment coefflcilents occurred.

The drag coefflcients of the six wings for several 11ft coefficilents
are presented in figure 18 as functions of Mach number. The Mach numbers
for drag divergence, specifically defined as the Mach numbers at which

S 0.1 from figure 18, are presented in the following table:

& =10 A=5
Cr | maca NACA NACA NACA NACA ' NACA
6518012 | 64A312 |64A612 |651A012 | 64,A312 | 64 A612
0 0.89 0.88 - 0.88 0.87 ———
2 .87 .85 0.82 .8 .8l 0.82
Al .8 .82 .80 .82 79 .78
6| ——— 15 .75 .76 et
8l ——— ¢ .73 .71 —_ 75 .72

As would be anticipeted from the results of tests of 6h—seriles airfoil
sections reported in reference 10, the drag—divergence Mach number was,
in general, reduced by camber. At Mach numbers leass than that for drag
divergence, the effect of camber was to reduce the drag for values of
11ft coefficisnt greater then 0.2. At a 1ift coefficient of 0.6, the
drag of the uncambered wings was large and erratic due to the proximity
of this 1ift coefflecient to the maximum 1ift coefficlent for these wlngs.
For the same reason, the drag of the moderately cambered wings was mmch
greater than that of the highly cambered wings for a 1ift coefficient of
0.8. )

The variation of lift—Arag ratlc with 1ift coefficlent 1s shown
in figures 19 and 20. At Mach numbers less than 0.80, the maximum 1ift—
drag retio of the moderately cambered wing whichk had an aspect ratio of
10 was considerably greater than that of the uncambered wing. The mexi—
mum 1ift—drag ratlo of the highly cambered wing which had an aspect
ratio of 10, however, was only slightly greater than that for the uncam—
bered wing at Mach numbers less than 0.70. The Improvement due to cam—
ber in the maximum lift—dreg ratio of the wings which had an aspect
ratio of 5 was less than that for the wings which had an aspeect raktio of
10. In fact, no improvement due to camber for the wings bhaving an aspect
ratio of 5 was realized at Mach numbers greater than 0.60.
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Camber caused large increases in the lift—drag ratio in the upper—
lift—coefficient range. This was true for the wings of both aspect
ratios provided the Mach number for drag divergence was not exceeded, a
result which would be anticipated from the results of tests of 6h-series
airfoll sections reported in reference 10.

It 1s emphasized, however, that the effects of Reynolds number must
be considered in any attempt to assess the benefite derived from the use
of camber on these wings at the higher Mach numbers. The effects of cam—
ber on the static longitudinal stability and on the lift—drag ratio
varied with the test Reynolds number. This varistion may be seen by
comparing figures 14 and 15 (Reynolds number, 10,000,000) with figures
16, 19, and 20 (Reynolds number, 2,000,000). These data show that the
improvement in the lift—drag ratio and in the pitching-moment character—
istics due to camber were, in general, much smaller at a Reynolds number
of 10,000,000. Therefore, there is considerable doubt that the improve—
ments due bo camber for lift coefficlents less than the maximum of the
uncembered wings, indicated to exlist at Msch numbers greater than 0.25
at a Reynolds number of 2,000,000, can be entirely realized at full—
scele Reynolds numbers.

CONCLUSIONS

Six semlispan model wings were tested: +three having an aspect ratio
of 10, and three having an aspect ratio of 5. The streamwise airfoil
sections for the three wings of each aspect ratio were the NACA 6574012,
the NACA 647A312, and the NACA 6414612. Results of this investigation
indicated the following!

1. The effects on the asrodynamic characterlstics of an Increazse
in Reynolds number from 2,000,000 to 10,000,000 at & Mach number of 0.25
were large.

2. For the wings having an aspect ratio of 10, at a Reynolds num—
ber of 10,000,000 and a Mach number of 0.25, the maximum lift-drag ratilo
wes improved by camber. No similar improvements were found for the wings
having an aspect ratlo of 5.

3. The effects of camber on the maximum 1ift coefficlent, the angle
of attack for zero lift, the pitching-moment coefficient for zero 1ift,
end. the Mach number for drag divergence of these wings were coneistent
with those which would dbe a.n-bicipa.ted Prom section aerodynamic character—
istics.
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4, An sbrupt decrease of the 1ift—curve slope, which was accom—
panled by a large reduction in static longitudinel stebllity, occurred
nearly simultaneously with drag divergence for all six wings.

5. At Mach nmubers less than that for drag divergence and at a
Reynolds number of 2,000,000, camber increased the lift—drag ratio and
the 1ift coefficlent at which a decrease of static longitudinsl stabil-—
1ty occurred. If the effects of Reynolds number indicated by the low—
speed test results prevell, however, these improvements at the higher
Mach numbers would not be entirely realized at Reynolds numbers greater
than 2,000,000.

Ames Aeronsutical ILsborstory,
National Advisory Committee for Aerorautics,
Moffett Fleld, Califormis.
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Taper rafic 0500

Aspect rafio 5.14
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0.25chord line 157

0.25 chord line
60.99 )
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27.10
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Coordingies of the airfoil seclions are lobulaled in lable I

" Figure |- Plan forms of lhe semispan models.
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